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- investigation of cowllcgs for. long-nose radial
eaglnes has been made on the Curties X%42 airplane In
the l?ACA full-scale wind tunnel. The XP-42 airplane Is

provided with a Pratt & 7hitney R-3830-31 engine, which
has a propeller shaft and kearing houeiag that is 20
inches longer than the standard short-nose engine of the
same series. This forward extension of the yropeller en-
ables the use of fuselage nose shapes of hlgaer fineness
ratio than are possible with the blunter short-nose en-
gine. In the original Curtiss Company design of the
XP-42 airplane the pointed fuselage nose was used (fig.
1) and shar~-edge scoops were added at the bottom and top
of the cowling for the engine-”cooling and the carbaretor-
air inlets. Plight tests showed the high speed of the
airplane to be comparable ~lt?i, but riot superior to, that
of the F-36, whicii is a similar airplane %Ith a s-hort-
nose engine and a conventional MACA cowllng installation.
Inspection of the cowling scoops disclosed sources of
drag, the existence of which were substantiated by pre-
liminar~ EACA flight measurements. These tests sLo~ed
that the engine cooling air entered the lower scoop at
about half t-he airplane flight velocity and that the
kinetic energy of this flow was d:sslpated by the sharp
change In the air-flow direction at the rear of the scoop
and by the expansion from the smail scoop area to large
area ahead of the engine. {See fig. 2.)

The existence of a large internal energy loss due to
the coollng-alr flow was established and experience led
to the belief that a further substantial external drag
would ‘oe added by t-he flow over the sharp scoop edges.
The full-scale “tuanel investigation was tLen l~stlgated
for the purpose of i.mprovinE the original scoop covling
or developing an efficient cowl of another tyre.

The wind-tunnel program included an initial investi-
gation of the origi~l 2-42 cowllng, which was followed
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by tests of several modtfied arrangements with improved
BCO~S. The general uneatiefactory aerod~namlc charac-
terie$iosi.of all the cpwllngs with SCOOP inlets led to
the d“evelop-mdnt of’ the hanular high-velocity islet cowl-
ing’. Since i.twas ~ke purpose of the wind-tunnel investi-
gation to develop an opti;hum cowling that could be later
constrncied for fll~ht tests, the various cowling param-
eter, such as icle5 veloc!ty ratio, exit area, etc.,
were studied ia conalderable detail. This cowling has
been constructed and is.c-~rrea$ly undergoing flight tests
on the P-42 airFlane. Tne rssults of the fligut investi-
gation will be reported at a later date,

. .

“.METHOD AED APPARATUS

The lVACA full-scale wind-tiunnsl balance equipment
used for t-he force meqeur?r.ents is described in reference
1. The’ metkod of mouutlng the airplane on the balance Is
shown in figure lo Z!liespecial technique and aFFaratus
used for the momentum measurements are described in ref-
erence 20 Static-pressure mea8uremente were obtaiaee
e’ither by t3e use of ~tatic orifices or 1,/16-incfi Jiam-
eter stat?c.-Freszure tubes mo-~nted nsar the airplane mr-
feces~ T“Ae eir flow ”tbro~igh the’ en.g:me c~wlin,; ~;as meas-
ured by to.tal-m~essure and e“tatic-prer.sure tu%es Flared
in ths diffuserc aheud of the enGine baffles, aad in the
cowl ol’tletF.
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-- .the smooth airplane with the scoop removed and the cowling
scale’d-.-’Although-the-internal” lessee.largely accounted
for the drag of the original uowl, a substantial incre-
ment was also added by the sharp scoop edges. The drag1.
coefficient for the airplane In the smooth condition (fig. -

1
3) served as a base value for determining the drags of .
all the modifications tested.

O~iEinal c~ling with mult~le SCOODS.- In order to——.. —
avoid the large internal cowl losses~ the single original
sharp-edge scoop was replaoed with four smaller rounded
inlet scoops (fig. 4). The use of multiple scoops rather
than a single scoop was advantageous both In obtaining
better diffuser passages and in avoiding the sharp bend
required in the single-scoop arrangement. A sketch show-
ing the detailed dimensions of the ducts is contained in
figure 5(a). The results obtained with this arrangement,
whit-h was designated cowl 1, are shown In table I.

The results were unsatisfactory since it wng found
that the flow was separating from the inner wall of the
duct passages and. owing to the negative pressuree over
the top of the cowl in the climb condition, the flow
through the uprer scoop was reversed. As a result of the
flow breakdown in ths ducts, the pressure III front of the
engine averaged only about 0.6 the free-stream preseure
(fig. 6). The air-flow q:.~zitities measured for three
exit areas of 57, 84, and 98 sqmare inches were 6,970,
8,810, and 10,280 cubic feet per minute, respectively.
The drag coefficient corresponding to the 67-square-inch
outlet area was 0.G0230 l!ne drag of the airplane with
the scoop outlets sealed and with the Inlets unsealed was
Increased 0.0017 above the drag of the emooth airplane.

As a result of the difficulties encountered with the
four-scoop arrangement, the top scoop was removed and the
scoop Inlets were extended forward along the cowl about
11 inches (see fig. 7]; with these changes the duct inlet
area was considerably reduced. (See fig. 5(b).) The
modifications served to locate the Inlet more nearly
normal to the local flow direction and to lengthen the

,, diffusing paesage. The results were somewhat more satis-
factory and the total pressures In front of the engine
were higher t-ban for the former arrangement. (See fig.
6.)
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The diffuser passage, however, was still inefficient,
since flow breakawa~ occurred on Its inner wall and a fur-
ther modification was made in which the duct passages were
straightened. (See fig. 5(c). ) ~or this Improved arrange-
ment, with an outlet area of 91 square Incliesg a drag coef-
ficient increment of 0.0024 was measured with an air-flow
quantity of 12.700 cubic feet per minute. with the scoop
inlets and outlets sealed, the airplane drag coefficient
was increased 0.0006, which Is a meaeure of the effect of
the protruding scoopEI on the externai drag of the airplane.

Aznular inlet COT1.- Since the drag of all the scoop-—-- .—.- ——
arrangements tested was higho tLe Investigation was di-
rected toward developing a cowl in which the cooling air
was introduced through a narrow annular inlet at the nose
of the airplaae, with a sDinner fairifig for the propeller
hub and the blade shanks tfli.gs.8 and 9). This cowl,

which Is designated cowl 2 (ta”ole 1)1 was designed eo that
the velocity at the cooling-air i~let was about one-fourth
of the free-stream velocity. It wae tested. first with the
exit sealed and the airplane drag waa increa8ed 0.0012,
owing to the cowl form drag and the circulation of air in
the cowl opening. With the inlet also eeaied, the air-
plane drag was iccreased by onl~ 0.0003. For dl?ferent
outlet areas~ the airplans drag coefficient was increaeed
0.0022 with an air flow of’ 12,050 CUM-C feet ger minnte
and was increaeod 0.0027 ‘fiithan air flow of 17,000 cutic
feet per minute.

TLese drag increments caumed by air flow were too

large and eince &rag reductions tkat should have been ex-
gected owing to i~roved I.fiternalflov (see fig. 6) were
not fully realizeds it was susFected that the cowl outlet
was unsatisfactory. Tuft investigation of the flow ~rom
the ortginal cowl outlet on the XP-42 airplene (fig. 10)
showed that air was being discharged over aad around the
exhaust collector and flap @ear in such a manner that the
flow over the fuselage was disturbed. The outlet wae
modified, as shown in figare 10F by removing the conven-
tional flap gear and exhaust collector fron behind the
engine and installing a smooth ‘unrestricted outlet. With
this modification, the drag coefficient was reduced 0.0(207
and the cowl drag coefficient of G.0015 was measured with
a flow of 120044) cubic feet per minute. The Investigation
was continued by sealing the conventional redial cowling
outlet and providing a tottom outlet on the cowl. (See
fig. n(a).) This bottom outlet wae too small because
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. . .. .. ..the rnee”stired“atr flow was lower “than required and a larger
bottom “outlet”was” cdn~trmgbsd (fig. n(b)) . The. CO.V1 drag
coefficient for this arrangement was 0.00”11 with air flow

i
of 12,.800””cubld.‘feet F“er mizhzte. Thl@ drag Is 0.0004
lower khan for the dowl.1.ngwith the” smooth “radial outlet

I and is 0.0011 lower tliad the” convent Ional flaF cut let.
,

.. ~he la-rge -dtiagred’ucticns effected wl”th the improved
outlets emphasise the Importance of provldtng a smooth
outlet on productmlon airplanes. Although the single bo t-
t~m outlet wi_ll pro ba%ly be Ifisufflcient to provide uni-
fcrm cooling for all the engine cylinders, the result ob-
tained with th!s arrangement is of particular Interest as
a reference for evaluating-the drag of the outlets.
. . .

From pregsure meas~irements In the diffuser cf the
annular cowl 2 (fi S. 6),. it waa noted that the total pres-
sure was less than 0.9 the free-stream dynamic Fressurea
Since it was eq.ected that this value would be close to
stream press-are, the flow eves the sFlnner waa investi-
gated with tufts. it was found that flow reversal was
occurning on the upper pnrt of “the spinner at the inlet.
This phe~omenon. was furtier invest iga.t.edby measurements
of F.res9ures along the s~lnner, wh~ch are shown la flg-
uree 12 and 13. In these figures the nagnit-lde of the
pressure is indicated as the length of the vector normal
to the winner surface. It will 3e fioted that a large
adveree press-are gradleat exists in the direction of air
flow, the value of which “i6 indicated by the slope of the
pressure Flots. For the climb condition the slapa Is
.hlgh forward on the spinner and qhows a ~agged peak ahead
of the cowl Inlet, For the high-speed lift coefficient
(c~ = 0*150) : the adverse press’tire gradt.ent” Is high toward

the” forward ~part of the spinner a“nd decreases several
inches ehead of the nose of “the. Inletm I“n agreement with
usual bou”ndarj-layer phenomena,. t.he.extent .of tuft rev6r-
sal c~ul~ be co”ordt.nated y“i.$h.the.slope”.of .the.op.reseure
gra”dlerit along the spxnne..r..Further mc:fil~lcation was then
made to cowl 2 (fig. 14) to””reduce” the Frqss’are grad.ien~
along the faFinner. The inlet area for the ccwling waO re-
duced by increasing the spinner si~e (.Spinner ~, f%g. 9)
so that “tli.e~nlet-veloelty rat~o .(V*/V) was increased
above 0.5, With,the higher .inlet -velocities, .t.hedl~fuser
pressur.e~ were Increased.to app.roxlmately 0.97qo. The

pr-essures on”the eptnner ’.ccmresporiding to the ‘two outlet
“condltlcns tested are shou.d in figures 1“5 arid 16. “

. . . .. .. . . . . ..
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~or the high- epeed condition the rise In pressure
along the modified spinner is considerably lower than for
the original spinner. In. the climb condition, the same
Irregularities In the pressure-.dlstribution occurre~ and
these Irregularltles were found to be associated with a“
tuft reversal even for the higher inlet velocity obtained
with the .epinner modification. The Freasurea at the face
of” the engine in the clinb condition were, however, uni-
form and high.

The drag coefficient for cowl 2 and spinner B, with
the modigied bottom outlet, was 0.0006 with an air flow
of 13,870 cubic feet per minute. The gain due to increas-
ing the inlet velocity and recoverin~ the full total pres-
sure in the diffuser amounted to 0.0005. The drag coef-
ficient of 0.0006, measzred for this arrangement, is the
lowest that has been obtained in full-scale tunnel tests
on radial-air-cooled engine cowlings. The efficiency of
the cowl Is nest clearly demozetrated b~ the total-pres-
sure measurements at the outlet (fig. 17). By progres-
sive modifications the outlet total pressure was in-
creased from an average of about 0.3qo with cowl 1, to

more than O.aqo with cowl 2 and spinner B. Since the

internal drag losses ere a direct function of the factor

f
1- S, increasing the value of Iho

qo
at the outlet

from 0.3 to 0.8 corresponds to reducing the internal drag
losses to alnost one-ftfth.

In crder to determine whether the high efficiency of
this cowl could be preserved with greater air flows,” the
outlet area was increased about 50 percent by partly open-
ing the smooth radial outlet. A cowl drag coefficient of
0.0012 was measured with a~ air flow of 21,140 cubic feet
per minute. This air flow is sufficient not only for the
engine alr but also for the carburetor and oil cooler.
An investigation of ducts for handling the oil “and the car-
buretor alr was not made.

.,

In order to aid in the estimation of the compressi-
bility effecte and to etudy the flow within- the annular
diffuser passages, pressure measurements were made over
the inside and the outside of the CO”W1 for several dif-
ferent air-flow conditions. These ’plots are shown In fig-
uree 18 to 21. The mqximum negative pressure of !IpFrOXi-
mately 0:4q was measured at the’ nose of the “cowl, “whtch

,.. ..-: . . ..-., J..... .. .
,. . . .“. . .



,. -Indicates *hat -the crttical compreseibllity .qpeqd will
oocur above S00 miles per hour at 200000 feet altitude.
The uniform recovery preeeure on the Ins%de of the duet

f

is demonstrated in figures 19 and 21.

1 C03?CLUSIOES

1. The lozg-aose engine enables the design of an

7

efficient annular inlet cowling owing to the length avail-
able for a diffusing paesage.

2. The ratio of the coolfng-alr velocltF at the
cowling inlet to the strehm velocity ia one of the momt
i~ortant design variableO for the annular inlet cowling
and this ratio should not be less t’han about 0.5.

3. The crltioal compressitilit~ speed for the long-
nose engine cowling can be extended to above 500 miles
per hour at 20,000 feet altitude.

4. Important drag loaaes occur dug to the flow of
cooling air out of conventional cowling outlets with flap
gear and exhaust collectors to disturb the flow.

Langley Memorial Aeronautical Laboratory,
Mational Advisory Committee for Aeronautics,

Langley I?ield, ?a.
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NACA Figs. 1,14

Figure 1.- The XP-42 airplam in the standard.condition,

Figure 14.- ...“e XP-42 airplane in the smooth condition with
cowl 2 modified and smooth cowl flaps.

.
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NACA I’igs.3,4

The XP-42 airplane in the smcoth condition with cowl 1
and original COWi flaps.
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H +0+01 pressure in reor of dud openihg—=
% free -s+reffm dy~mic pressure

T@kUe 6.- Pressure in In:et difftmr.

H- +0+01prwssure ot cowl exii
~-free -stream dynomic pressure “

Figure 17. - Cmling outlet preeeuros .



Figure 7.- The XP-42 airplane in the smcoth condition with cowl
modified and cri~inal cowl flaps.

Fi&ure 8.- The ~p_42 airPlane in i-nesmooth conditica with CGW1 2,
spinner A, and original ccwl flaps.
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(a) Bottom outlet

.

(b) Modified bottom

Figure 11.. Cowl outlet on

outlet

n-4=2 airplane.
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fdflcity ratio Vi/r = 0.44. ;


